Differences in the release and content of acetylcholine and the a2 adrenoceptor mediated interaction between noradrenergic and cholinergic neurons were investigated by neurochemical and pharmacological methods in aganglionic and ganglionic segments of isolated human colon taken from children suffering from Hirschsprung's disease. Both at rest and during transmural stimulation the release of acetylcholine was significantly higher in the spastic (aganglionic) segment than in the proximal dilated bowel. Significant differences were found in the tissue concentration of acetylcholine between ganglionic and aganglionic specimens. The pattern of response to transmural stimulation was also different in the spastic and dilated bowel. Transmural stimulation induced relaxation and contraction in ganglionic specimens but only contractions in aganglionic specimens. The sensitivity of the smooth muscle in the aganglionic portion to exogenous acetylcholine and to field stimulation was found to be higher than in the ganglionic portion. While noradrenaline added to the organ bath reduced the stimulation-evoked release of acetylcholine from spastic segments, via an a2 adrenoceptor mediated process, yohimbine did not enhance the release. It is suggested that in Hirschsprung's disease the increased acetylcholine release, the enhanced sensitivity of smooth muscle cells to acetylcholine, and the lack of a2 adrenoceptor mediated noradrenergic modulation of acetylcholine release from cholinergic interneurons might be responsible for the spasm of aganglionic segments.
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Hirschsprung presented the problem of megacolon in his classic paper on Acetylcholine output was measured both at rest and during transmural stimulation. For this purpose rectangular pulses of 1 ms duration at supramaximal voltage 10 V/cm with a frequency of 1, 10, and 20 Hz were applied throughout successive periods of 15 min, respectively. The total content of acetylcholine in tissue was extracted by the method of Vizi and Pasztor."1 It was then assayed by the technique described by Paton and Vizi."' The resting output, in pmol/g per min, was given by (R/t). (1000/W), where R is the total output in pmol as measured in the assay, W is the weight of the strip in mg measured after the experiment, excess moisture on the strip being removed by pressing the tissue between two filter papers, and t is the collection period in min. The output per volley is given in pmol/mg per volley by (S-R/t.f).(1000/W), where S is the total acetylcholine output due to stimulation together with the presumed resting output over the collection period used, R is the resting acetylcholine output in pmol during the period of collection calculated from the control resting output, f is the rate of stimulation per min, Wis the weight ofthe strip in mg, X is duration of stimulation in min. The acetylcholine content was expressed in nmol/g. Gel filtration was used'5 to identify the substance obtained from human tissue and assayed on guinea pig ileum as acetylcholine. A Sephadex G-10 column of 4 ml (20 cm in length and 5 mm in diameter) was prepared, and the samples collected or extracted were eluted through the column. The void volume measured with dextran blue was 1 5 ml. When a sample had entered the top of the gel bed, the collection of fractions was begun. The eluate fractions of 0 5 ml were then tested on guinea pig ileum or their radioactivity was measured when ("4C) acetylcholine was eluted and the elution profiles were compared. The elution pattern of "4C-labelled acetylcholine was measured by bioassay plus radioassay taking 0 5 ml fractions of eluate. Because the elution of both biological activity and label occurred in the same 2-3 5 ml where the endogenous substance appeared, it was concluded that the substance assayed on guinea pig ileum was acetylcholine. 16 
SOLUTIONS AND DRUGS
The Krebs solution had the following composition (mM) NaCl 113, KCI 4 7, CaCl2 2 5, KH2PO4 12, MgSO4 12, NaHCO3 25 0, and glucose . Drugs used were acetylcholine iodide (BDH), atropine sulphate (Biogal), phentolamine (Ciba-Geigy), tetrodotoxin (Sankyo), physostigmine sulphate (BDH), 1-noradrenaline (Sigma), and yohimbine (Chinoin).
Results

RELEASE AND CONTENT OF ACETYLCHOLINE
Due to the difficulty in obtaining samples of normal descending or rectosigmoid colon from healthy children, a comparison of the acetylcholine release at rest and during field stimulation had to be made between samples of the narrow and dilated segments. The results are shown in Table I .
It seems that both during rest (mean (SEM) 4 90 (0 96) pmol/g per min) and during transmural stimulation with 10 Hz (mean (SEM) 70 0 (3 08) pmol/g per min) the release of acetylcholine from the aganglionic specimens was significantly higher than that from the strip taken from the proximal dilated bowel (2-1 (0 10) and 5-9 (0 44) pmol/g per min, respectively). The average ratio between stimulated (10 shown by this finding. While in spastic segments yohimbine (10-6 M) did not enhance the release of acetylcholine (Table II) , in dilated segments it enhanced the release from 3 92 (0 -16) to 6*10 (0 -13) pmol/g per min (1 Hz stimulation, n=4) (p <0 05). These findings indicate that in the aganglionic portion there is no tonic control of acetylcholine released by endogenous noradrenaline.
CONTRACTIONS OF THE LONGITUDINAL MUSCLE
Functional experiments were carried out in both types of preparations. Spontaneous and stimulated motor activities were studied in longitudinal strips dissected from the narrow and dilated segments. There was no difference between the patterns of spontaneous motility. This was fully developed within one hour of incubation in an organ bath and consisted of regular phasic contractions with a range in frequency of 10-24 per min.
Longitudinal muscle from both distended and constricted segments showed tone and spontaneous rhythm. Both muscles were contracted with acetylcholine but the muscle from the constricted segment was about 500 times more sensitive than the muscle from the distended region (Table III) .
The pattern of response to field stimulation is also different in the spastic and dilated bowel. Field stimulation (10 Hz, 10 to 40 shocks) usually induced a biphasic response ( Figure: top) -relaxation followed by contraction or contraction followed by relaxation in ganglionic specimens. Only contractions were seen in aganglionic specimens ( Figure: bottom), however. When the number of shocks was kept constant (40 impulses) and a different frequency of stimulation was applied the maximum contraction (100%) was obtained at 20 Hz. At 1 Hz and 10 Hz the contractions were 23 1 (4 6)% (n=3) and 90-1 (8-5)% of those obtained at 20 Hz. At a higher frequency of stimulation (20 Hz) the contraction was smaller than at 2 Hz. The smooth muscle sensitivity to the contractile effect of field stimulation as well as to acetylcholine was higher in the aganglionic segment (Table III) .
In each type of preparation the contractile effect of field stimulation could always be reduced by tetrodotoxin (92-5 (4-2)%, n=3) and by atropine (98 5 (2-8)%, n=3) both at concentrations ranging from 10-'to 10-6M.
Discussion
The much greater acetylcholine output both at rest and during transmural stimulation in the The sensitivity of the smooth muscle in the ganglionic portion of acetylcholine and to the contractile effect of field stimulation was found to be much lower than in the spastic portion. Evidence that nerves do exert a predominantly contractile effect on the aganglionic bowel in Hirschsprung's disease was given by Bodian et al20 when they found that a spinal anaesthetic produced relaxation of the distal segment during a barium enema examination in three cases. Therefore, we also suggest that this decreased sensitivity of smooth muscle cells of the dilated segment to cholinergic stimulation is involved in the pathophysiology of Hirschsprung's disease. These data do not agree with those of other workers.2"-23 The finding that noradrenergic nerves have a non-synaptic but functional" 2425 relation to myenteric cholinergic nerve cells rather than to the muscle cells directly shows that the control of bowel activity is far more complex than is explained by the simple concept of a direct parasympathetic and an inhibitory sympathetic innervation of the muscular tissue.2 26 27 Since it is well established'9 25 that the inhibitory a2 adrenoceptors are also located distally from the cell body of cholinergic interneurons, noradrenergic modulation could also operate in the absence of ganglia via direct stimulation of inhibitory a2 adrenoceptors. If such a mechanism were in operation, this should result in a relaxation of spastic gut, but this is not the case in Hirschsprung's disease. The possibility exists that since sympathetic innervation of the aganglionic part of the bowel is very rich, even more adrenergic fibres8 28 and noradrenaline content929 are located there than in the normal bowel. The lack of inhibitory a2 adrenoceptors on cholinergic neurons cannot be attributed to the functional deficiency of the noradrenergic inhibition on cholinergic hyperactivity, since exogenous noradrenaline was able to reduce acetylcholine release via a2 adrenoceptor stimulation. Yohimbine, an a2 adrenoceptor antagonist, failed to enhance the release of acetylcholine, however, indicating that in the spastic portion there is no tonic inhibition of acetylcholine release by noradrenaline, which could have been removed by yohimbine. Therefore, it seems likely that noradrenaline, although present in the gut functionally, is not released, or if it is released it is unable to reach cholinergic varicosities. The effective inhibition of acetylcholine release by noradrenaline which results in relaxation and decreased motility is therefore absent in the affected segment of bowel. The great increase in acetylcholine content in aganglionic segments in conjunction with the absence of a normal sympathetic inhibitory mechanism probably explains the great increase in acetylcholine output both at rest and during field stimulation, thereby the contracted state of the bowel in a typical case of Hirschsprung's disease.
